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Abstract 

Most of the models leading to a current state of cosmic accelerated 
expansion fail to address the coincidence problem, i.e., that the dark en- 
ergy density and the energy density of the matter fluid are of the same 
order precisely today. We show that a way to drive late acceleration and 
simultaneously solve the aforesaid problem is assuming the matter fluid 
dissipative 

1 General setting 

The Friedmann equation plus the conservation equations for matter and dark en- 
ergy in a Friedmann-Robertson- Walker universe dominated by these two com- 
ponents (non-interacting with one another), in terms of the density parameters, 
read 



1 — ri„i + ii,^ + fik , (1) 
n = {3"f-2)H{n-i)n, (2) 

= [2-t-(37-2)r!-37^]r!^i/, (3) 

where fl = Qm + ^4>i and 7 stands for the overall adiabatic index 7 = {"^m^m + 
70O0)/fi, with "fm,cj> = 1 + {Pm,4,/ Pm,<t>), and such that 1 < 7m < 2 and 
< 70 < 1 (it should be noted that in general 7™ and 7^ may vary with time). 

It is not our aim to propose a new dark energy model but rather to show 
that if one wishes to have late cosmic acceleration and simultaneosly solve the 
coincidence problem using general relativity, then the matter fluid component 
must be dissipative -in the sense explained below- irrespective of the potential 
of the scalar field Q . 
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From the above equations it is immediately seen that for = 1 Eq. (3) 
impHes that fi^ > 0. Consequently, at large times fi^ — > 1 and flm — > 0, i.e., the 
accelerated expansion {q < =^ 74, < 2 /3) and the coincidence problem cannot 
be solved simultaneously within this approach. Moreover, for the solution 57 = 1 
to be stable the overall adiabatic index must comply with the upper bound 
7 < 2/3 which is uncomfortably low. 

A way out is to assume the matter fluid dissipative, i.e., endowed with a 
nonequilibrium scalar pressure tt. This is always negative for expanding uni- 
verses as required by the second law of thermodynamics 1^, (D, 0. Further, 
the occurrence of tt is rather natural since (exception made of superfluids) all 
matter fluids found in Nature are dissipative -see e.g. §, [||. Thereby Eqs. (2) 
and (3) generahze to 



3 (7+- I -2 



3(7+- 
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f7 - 370 ^ Hn 



(4) 
(5) 



We now may have Ct^ < as well as ilm ^mo 7^ and il^ — > H^q ^ for 
late time so long as the stationary condition 



7m + 



70 



'zip 



(6) 



is satisfied. Besides, the constraint 7 < 2/3 is replaced by 7 -f (tt/p) < 2/3, 
which is somewhat easier to fulfill. 



2 Stability analysis 

For spatially flat FRW universes the asymptotic stability of the stationary solu- 
tion f2mO and fi^o can be studied from equation (|^). By slightly perturbing 51^ 
it follows that the solution is stable (and therefore an attractor) provided the 

quantity 7™ ~^ y 7^ < and tends to zero as t — > 00. This coincides with 

the stationary condition (||). 

For SI 7^ 1 (i.e., when A; 7^ 0), it is expedient to introduce the ansatz e = €f)+5 
in Eqs (4) & (5), where eo = {VLml^4,)o ^ 0{1) and | 5 eo- One finds that 

5 = -^^(^--l^nkH{e, + 5). (7) 

As a consequence, the stationary solution will be stable for open FRW universes 
(fife > 0). For closed FRW universes one has to go beyond the hnear analysis. 

A realization of these ideas can be found in |0| . There it is seen that the 
space parameter is ample enough that no fine tuning is required to have late ac- 
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celeration together with the fact that both density parameters tend to constant 
values compatible with observation. 

Moreover we have shown that, for a wide class of dissipative dark energy 
models, attractor solutions are themselves attracted towards a common asymp- 
totic behavior. This "superattractor" regime provides a model of the recent 
universe that also exhibits an excellent fit to supernovae luminosity observa- 
tions and no age conflict [Q. 



3 Concluding remarks 

Although dissipative pressures have been repeteadly invoked when building cos- 
mological models -see e.g. 1^, |8|, one may ask about its origin 

in the present context. On the one hand if the CDM particles are really self- 
interacting (as it has been recently argued then they are bound to arise. 
(CDM self-interaction with mean free path between about 1 kpc and 1 Mpc 
seems to be key to explain the structure of the halo of galaxies) . On the other 
hand, it is well known that particle production somehow plays the role of a dis- 
sipative pressure . The latter is linked to the rate T of particle production by 
TT — —^mPmX I (SH). Therefore, even a very small rate can produce a significant 
dissipative pressure Q. 

According to the standard picture of cosmic structure formation a sufficiently 
long matter-dominated era must have taken place during which the observed 
structure grew from the density fluctuations measured by CMB anisotropy ex- 
periments -see e.g. As a consequence the transition to the currently ob- 
served accelerated regime should have been quite recent in the evolution of the 
universe. This seems to imply that dissipative effects in dark matter were small 
until density inhomogeneities became large. If so, it is suggestive to think that 
the size of dissipative processes, as measured by the ratio 7r/p,„, increased with 
dark matter density and became large precisely because of the development of 
inhomogeneities . The observed smoothness of halo structure and the cor- 
relation between high energy cosmic ray production and dark matter clustering 
might provide support for this relationship fl^ . 

Before closing, we would like to emphasize that our analysis does not apply 
to scenarios in which the dark energy component interacts with the matter 



component -see e.g. jtSi, |19 . This is easy to understand as the interaction 



somehow mimics a dissipative pressure. 
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